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cant depression of the Clq level should prompt further
evaluation for lymphoma and other conditions associ-
ated with the acquired inhibitor deficiency.
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NEONATAL HEPATIC NECROSIS is fortunately rare.' Al-
though a variety of enteroviruses have been recognized
to infect fetuses and neonates,2-4 the cause of most
cases of fulminant neonatal hepatic necrosis is un-
known.' Occasionally cytomegalovirus,5 rubella6 and
echovirus types 3,7 6,8 9,9 11,8,10,11 1412 and 1913 have
been directly associated with fatal hepatic necrosis dur-
ing the neonatal period.
We report four cases of neonatal hepatic necrosis

associated with echovirus type 11. These cases occurred
sporadically during one year and each patient came
from a different geographic area; thus at no time was
an epidemic of echovirus type 11 suspected.
The perinatal histories were negative for viral illness

as manifested by fever, vomiting, diarrhea or upper
respiratory tract infections.
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TABLE 1.-Summary of Clinical Features and Results of
Laboratory Investigations

Data Case I Case 2 Case 3 Case 4

Birth weight (grams) ..... 3,856 3,359 3,154 2,765
Admission weight (grams) . 3,000 2,934 3,000 2,540
Gestation (weeks) ........ 37 38 38 38
First symptoms Jaundice Jaundice Jaundice Jaundice
Age .................. 5 days 6 days 6 days 5 days

Bilirubin (mg/dl)
(normal 1-12) ......... 10.1 10.3 11.3 14.1

Platelet count (per cu mm) 39,000 46,000 10,000 31,000
Fibrinogen (mg/dl)

(normal 200-300) ..... ... 12 40 40
Fibrin-split products (gg/dl)

(normal 0-3) ............. 40 40 40 40
AST (IU) (normal 11-40)* 5,530 7,480 1,182 1,029
ALT (IU) (normal 11-40)t 1,370 2,040 227 197
AST/ALT ratio .......... 4.0 3.6 5.2 5.2
Prothrombin time (sec) 45.0 33.5 28.9 28.6
Blood ammonia (,ug/dl)

(normal 11-35) ........ NP 158 108 NP
Viral cultures (Echovirus II)

Liver ................. + + + +
Lung ................. + + + +
Parents ............... NP NP NP NP

NP = not performed; + = positive.

*Aspartate aminotransferase, formerly SGOT.
tAlanine aminotransferase, formerly SGPT.

Reports of Cases
CASE 1. This infant was delivered by cesarean section

to a 26-year-old primigravid woman. The mother was
treated throughout her pregnancy with phenytoin so-
dium and phenobarbital for the control of a seizure
disorder. Birth weight was 3,856 grams. The infant
was discharged home at 3 days of age after an unre-
markable hospital course.

The parents noted that the infant at 5 days of age
was jaundiced, lethargic and had mottling of the lower
extremities; he was readmitted to hospital. Examination
showed that the abdomen was distended and tender
with the liver edge palpable 8 cm below the right costal
margin. Pertinent laboratory data are summarized in
Table 1. Despite exchange transfusion with packed
cells reconstituted with fresh frozen plasma, the infant's
condition steadily deteriorated until his death the next
day. The parents and a 15-month-old sibling were
asymptomatic throughout the neonate's illness.
CASE 2. This infant was delivered by cesarean sec-

tion because of cephalopelvic disproportion. The peri-
natal history was unremarkable except for a vaginal
yeast infection two weeks before delivery. The Apgar
score was listed as 9 at one and at five minutes. Birth
weight was 3,359 grams. The infant had an unremark-
able hospital course and was discharged home on the
third day.
On the sixth day of life, a temperature of 39 °C

(102°F) developed and he was found to be jaundiced,
with a serum bilirubin level of 10.7 mg per dl. A work-
up for sepsis was done, including a lumbar puncture,
but proved negative. He became more lethargic and
jaundiced and had some respiratory distress. The liver
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was palpated 2 cm below the right costal margin. Lab-
oratory data are summarized in Table 1.

Soon after admission, the infant had a generalized
tonic-clonic seizure, following which his pupils became
dilated and nonreactive to light. A bleeding diathesis
then developed, characterized by an oozing from all
puncture sites and a bloody endotracheal tube aspirate.
Double-volume exchange transfusion with fresh whole
blood was done to correct the disseminated intravascu-
lar coagulation and to replenish some of the coagulation
factors. The infant's clinical condition deteriorated,
however, and he died 24 hours after admission.

CASE 3. This infant was the product of a normal
spontaneous vaginal delivery to a 25-year-old gravida
2, para 1 woman. Antenatal history and perinatal his-
tory were unremarkable. The Apgar score was listed as
9 at both one and five minutes. Birth weight was 3,154
grams. The infant had an unremarkable course in the
first four days of life.
On the fifth day he was observed to be jaundiced,

with a serum bilirubin level of 11.3 mg per dl. On the
sixth day the infant became irritable and was feeding
poorly. He was then admitted to hospital where per-
tinent physical signs included lethargy and poor re-
sponse to stimuli; the abdomen was distended and ten-
der and the liver edge was palpable 4 cm below the
right costal margin. Biochemistry findings are sum-
marized in Table 1.

Soon after admission the infant's blood pressure sud-
denly rose, followed by the sudden onset of apnea and
bradycardia with poor response to stimuli. At lumbar
puncture the fluid was found to be grossly bloody. An
exchange transfusion with fresh whole blood was car-
ried out. A computerized tomographic scan done there-
after showed massive intraventricular and intracerebral
hemorrhage. The infant's clinical condition deteriorated
and he died shortly thereafter.

CASE 4. The child was a male infant born to a 20-
year-old gravida 3, para 3 mother by repeat cesarean
section. The maternal history was significant for epi-
lepsy, well controlled by phenobarbital therapy. Ten
days before the birth premature labor occurred, felt to
be due to asymptomatic bacteremia. Management in-
cluded administration of ampicillin and parenteral ter-
butaline sulfate tocolysis. Oral administration of ter-
butaline was continued until term. Birth weight was
2,765 grams. Apgar score was listed as 9 and 10 at
one and five minutes, respectively. The course in the
nursery was unremarkable.
On day 5, while at home, the child was noted to feed

poorly at the breast and to be lethargic and jaundiced.
The infant was admitted to hospital. Findings on

general examination were remarkable only for icterus;
the liver was palpable 1 cm below the right costal mar-
gin. Hematologic and biochemical studies showed a
severe hepatitis with disseminated intravascular coagu-
lation (Table 1).

Fresh frozen plasma and platelets were administered
and an exchange transfusion with whole blood carried
out. Despite these efforts, the disseminated intravascu-

lar coagulation progressed and evidence of hemorrhage
emerged, progressing to circulatory collapse and death.

Determination of creatine kinase and serum aldolase
levels was not done. Neither viral cultures nor titers
from cord blood or parents were available. Viral cul-
tures were done at postmortem examination on speci-
mens from the liver and lungs and were positive for
echovirus type 11 in all four cases.

Virology Studies
Specimens were taken from the lungs and liver at

postmortem examination while the organs were in situ
and before opening the bowel. The specimens were
inoculated into human fetal diploid lung and primary
monkey kidney tissue, which was incubated for 14 days.
A daily check for cytopathic effect of cells was under-
taken. From this cytopathic effect, a diagnosis of entero-
virus was made and the culture was subpassaged to
increase the viral concentration. Then, using the tube
neutralization test (the Lim and Benyesh-Melnick
schema14) the subspecies was identified. The identifica-
tion was done at the Fresno County Laboratory using
the standard method of the California State Health De-
partment. Echovirus type 11 was isolated from the
liver and lungs in all four cases that were evaluated.

Discussion
The enteric cytopathic human orphan (ECHO) group

of enteroviruses is known to be capable of producing
a wide spectrum of human diseases, including asymp-
tomatic infection.'5 ' The infection occurs primarily in
children and in young adults. The incubation ranges
from 2 to 20 days, but is usually 5 to 10 days.'5 The
most common symptoms are fever, headache, nausea
and vomiting, sore throat, rhinitis, myalgia, rash and
a cough accompanied by chest pain. These symptoms
may reflect aseptic meningitis, carditis, encephalitis,
gastroenteritis or pleurodynia. A familial incidence is
common and there is a tendency for the condition to
relapse or run a biphasic course. Infections due to echo-
viruses are seldom associated with serious residual
effects.'5

There are scant data implicating echoviruses in liver
disease. Mild disturbances in liver function or hepato-
megaly (or both) have occasionally been noted during
outbreaks of echoviruses 1, 4, 6, 7, 8, 9 and 12.17
Isolated cases of fulminant neonatal hepatic necrosis
associated with echoviruses 3, 6, 9, 14 and 19 have
been reported.7"3 These reports described an illness
with a rapid, fatal course of three to four days. Necropsy
findings showed severe liver parenchyma loss but an
intact reticular network, a surviving collar of hepato-
cytes around the portal areas and minimal mononu-
clear cell infiltration. Rarely, giant cells, iron deposi-
tion or calcification was noted. The destroyed hepato-
cytes were replaced by a pool of blood-mostly
erythrocytes.

The cases described in this report are interesting be-
cause of the findings that appear peculiar to echovirus
type 11 infection. The identification of echovirus type
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11 at postmortem studies of specimens from the liver
and lungs of all four infants is strong evidence that this
virus represents the causal agent.18 There was no evi-
dence of coincidental infection or contamination. All
the cases had features suggestive of disseminated in-
travascular coagulation, which could be a nonspecific
phenomenon of severe acute hepatic failure. All the
infants, however, also showed a unique and constant
elevation of serum aspartate aminotransferase (AST,
formerly SGOT) -to-serum alanine aminotransferase
(ALT, formerly SGPT) ratio between 3.6 and 5.2. The
AST-to-ALT ratio has been investigated as a diagnostic
tool in many forms of liver diseases. Cohen and Kap-
lan" in a recent report concluded that a ratio of greater
than 2 was highly suggestive of alcoholic hepatitis and
cirrhosis. In only 4 percent of their patients with viral
hepatitis was the ratio higher than 2. The highest ratio
in viral hepatitis was marginally greater than 2. They
also noted that in alcoholic liver disease, the serum ALT
level was less than 300 IU in 98 percent of patients;
thus, the increased ratio was accounted for by a dis-
proportionate elevation of AST. In our patients, despite
an AST-to-ALT ratio of 3.6 to 5.2, the serum ALT values
ranged from 197 to 2,040 with a mean of 1,150 IU.
The AST and ALT determinations were done on the

8500 r

Aspartate Aminotransferase (AST)

Alanine Aminotransferase (ALT)E

same blood specimen and they were measured in the
hospital chemistry laboratory on the DuPont ACA.20'2'
Where serial aminotransferase determinations were
available, the ratio of every set was noted and every
patient maintained a constant ratio of AST-to-ALT that
was unique to that given infant (see Table 1 and
Figure 1).

The high AST-to-ALT ratio in fulminant hepatic necro-
sis may be explained by the fact that in a normal liver,
the liver AST-to-ALT ratio is 3.2,22 and the serum ratio
of 3.6 to 5.2 merely reflects an acute massive hepatic
release of these enzymes. One doubts whether this is a
specific feature of echoviral hepatitis.

In a recent report23 of an echovirus type 11 epidemic
in Japan affecting 102 patients, the authors noted that
echovirus type 11 infections were less serious in neo-
nates as compared with children of an older age. They
also reported no remarkable gastrointestinal symptoms
in any of their 42 neonates infected with echovirus type
11. A British study24 of an outbreak of echovirus in a
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Figure 1.-The AST/ALT ratios of cases 1 through 3.
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Figure 2.-Postmortem histologic examination of specimen
of liver from case 4 showing massive hepatic necrosis with
some intact periportal hepatocytes. Pronounced sinusoidal
congestion is present in the necrotic areas. The portal triad
is unremarkable. (Hematoxylin and eosin stain, reduced from
magnification x 66.)
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neonatal unit from which 9 to 24 became infected re-
ports three infant deaths. In the three fatal cases there
were renal and gastrointestinal lesions but no histologic
abnormality in the liver. Six other patients, all of
whom recovered, had predominantly an aseptic menin-
gitis with apneic attacks or appeared "off color." All
other fatal cases of echovirus type 11 infection reported
in neonates have been due to disseminated intravascu-
lar coagulation. In each of these cases, the infants pre-
sented with a rapidly developing septicemic condition
and died within 24 hours after the appearance of
symptoms.25'26

This report expands the recently reported association
between echovirus type 11 and fulminant neonatal
hepatic necrosis.8'10 Massive hepatic failure with ex-
tensive hemorrhage due to hepatic disease and dissemi-
nated intravascular coagulation have been the predomi-
nant clinical features in the previous six cases of
echovirus type 11 fulminant neonatal necrosis. Previous
isolated reports of neonatal hepatic necrosis have in-
volved echoviruses 3, 9, 11, 14 and 19 and they de-
scribe a similar clinical picture. Liver histology in our
infants showed almost complete necrosis of hepatocytes,
with a collar of surviving hepatocytes around the portal
tracts. These portal tracts and the hepatic lobular archi-
tecture appeared essentially intact. No hemosiderosis,
calcium or giant cells were noted; no inflammatory in-
filtrate was evident, but there was extensive hemorrhage
into the liver tissue (Figure 2).

The clinical course of our infants and the subsequent
postmortem pathology appear similar to the five cases
of neonatal hepatic necrosis described by Ruebner and
colleagues,' except for the absence of hemosiderin depo-
sition and hepatocytic giant cells in our cases. No cause
was identified in the report of Ruebner and associates
and most of these infants had massive adrenal hemor-
rhage as was encountered in our series. In both series,
the infants were not premature and there was a rapid,
fatal course reflecting disseminated intravascular coagu-
lation, profound hemorrhagic diathesis, hypoglycemia
and encephalopathy but only moderate serum bilirubin
elevation. It is possible that the echovirus type 11 was
the cause in both series or, more probably, neonates'
livers have a limited response to severe damage regard-
less of the origin.
The epidemiology of the infection in our cases is

obscure. The patients became ill on the fifth or sixth
day of life, thus they could have acquired their infec-
tion either in utero"l 27 or after birth. No sources of
contact for infection were identified when sought and
the cases occurred over a wide geographic area and at
a scattered time interval, thus eliminating the likelihood
of an epidemic. The cardinal pathologic findings, apart
from those already described in the liver, were dissemi-
nated intravascular coagulation and extensive adrenal
hemorrhage.

Thus, in the light of our findings, echovirus type 11
expands the growing list of viral agents capable of caus-
ing fulminant hepatic necrosis. Severe echovirus infec-
tions appear to occur mostly in neonates and infants.

The same viruses produce a much milder, self-limiting
disease in older children and adults and are more likely
to affect the respiratory and neurological systems in
the older age groups.
A possible explanation for this is that transplacental

passage of neutralizing echovirus type 11 antibody does
not occur if the maternal infection occurs in the im-
mediate antenatal period. Decreased immune response
in a newborn would aggravate this unprotected state,
thus predisposing to an overwhelming viremia. Re-
cently, Modlin and associates"28 have shown that any
passive immunity acquired from the mother prevents
severe neonatal systemic echovirus disease. However,
they showed that this does not prevent mucosal infec-
tion of the respiratory or gastrointestinal tract. Hence
we conclude that infants of mothers with perinatal
echovirus type 11 infection should be closely observed
for the occurrence of liver disease. This would be
especially important when the maternal infection occurs
immediately antepartum.
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